X-ray Crystallographic Data Collection and Structure Refinement. Diffraction quality crystals of 1 and 2 were obtained by slow diffusion of hexanes into a concentrated dichloromethane solution of the complex.
The crystals were coated with paratone oil and mounted on the end of a nylon loop attached to the end of the goniometer. Data were collected with a Bruker SMART APEX CCD diffractometer equipped with a Kryoflex attachment supplying a nitrogen stream at 150 K. Structure solution and refinement were carried out with SHELXS-97 2 and SHELXL-97 3 using the WinGX 4 software package. Corrections for incident and diffracted beam absorption effects were applied using empirical absorption corrections. 5 For 1, all nonhydrogen atoms were refined with anisotropic thermal parameters and the positions of hydrogen atoms of the PPh4 + counterion were calculated based on stereochemical considerations and refined isotropically. For 2, all non-hydrogen atoms were refined using anisotropic thermal parameters. Additionally, a severely disordered CH2Cl2 solvent molecule was refined isotropically, and split over two positions based on the electron density identified by the DF map. Final unit cell data and refinement statistics are collected in Table S1 . EPR Spectroscopy. Continuous wave X-band EPR spectra was recorded on a Bruker ELEXSYS E500
spectrometer. Spectra were simulated using the simulation package XSOPHE; 6 fluid solution spectra using the spin-Hamiltonian Ĥ = gμBBS + aSI, and frozen solution spectra using the spin-Hamiltonian Ĥ = μBB·g·S
The symbols have all their usual meanings.
Pulsed X-band EPR data were measured using a Bruker ELEXSYS E580 spectrometer equipped with an via three freeze-pump-thaw cycles, followed by flame sealing. ESE-detected EPR spectra were collected at 10 K using a Hahn echo pulse sequence (π/2 -τ -π -τ -echo) with a 4-step phase cycle, where π/2 = 16 ns, π = 32 ns and τ = 400 ns. Simulations were performed as using XSOPHE 6 using the aforementioned spinHamiltonian. Phase memory times (TM) were also measured with a Hahn echo pulse sequence. Decay curves were collected at field positions indicated on ESE spectra. Acquisition times were set to capture the top half of the spin echo and the acquired echo was integrated to obtain the spectrum. The data were phased by maximizing the sum of the data points in the real components of the spectrum and fit to the biexponential function I(τ) = y0 + Af exp(-τ/TM,f) + As exp(-τ/TM,s), where f and s indicate fast and slow processes, respectively. Spin-lattice relaxation times (T1) were collected at 10 K following the inversion recovery sequence (π -T -π/2 -τ -π -τ -echo) with 4-step phase cycling in which π/2 = 16 ns, π = 32 ns, and T incremented from a starting value of 100 ns. The value of τ was selected to correspond to the maximum in the ESEEM at 400 ns. Acquisition times were set to capture the top half of the spin echo and the acquired echo was integrated to obtain the spectrum. The data were phased by maximizing the sum of the data points in the real components of the spectrum and fit to the biexponential function I(τ) = y0 + Af exp(-τ/T1,f) + As exp(-τ/T1,s). Nutation measurements were performed at three different microwave powers with a nutation pulse of variable length (tipping) pulse followed by a Hahn echo sequence (tp -T -π/2 -τ -π -τ -echo).
Data were collected employing 4-phase cycling, in which in which π/2 = 16 ns, π = 32 ns and τ = 400 ns for nutation pulse lengths T = 600 ns. The tipping pulse, tp, is augmented in 4 ns increments from a starting value of 4 ns. Nutation data was processed by subtracting a stretched exponential baseline from the echo decay, then zero-filling with 1024 or 2048 points, followed by a Fourier transform with a Hamming window.
Other Physical Methods. Cyclic voltammetry measurements were performed with a Metrohm Autolab couple. Electronic absorption spectra were recorded on a Shimadzu UVA 3600 spectrophotometer (range 200-1600 nm). Electrospray ionization (ESI) mass spectra were obtained on a Bruker micrOTOF-Q mass spectrometer. Elemental analysis were performed using an EA 1110 CHNS, CE-440 Elemental Analyzer.
Calculations. All calculations in this work were performed with the electronic structure program ORCA. 7 Geometry optimizations were carried out using the BP86 functional with dichloromethane as solvent. 8 A segmented all-electron relativistically contracted basis set of triple-ζ-quality (def2-TZVPP) was used for all atoms. 9 A scalar relativistic correction was applied using the zeroth-order regular approximation (ZORA) method 10 as implemented by van Wüllen. 11 In the context of ZORA, a one center approximation has been
shown to introduce only minor errors to the final geometries. Auxiliary basis sets for all complexes used to expand the electron density in the calculations were chosen to match the orbital basis. The conductor like screening model (COSMO) was used for all calculations. 12 The self-consistent field calculations were tightly converged (1 × 10 -8 Eh in energy, 1 × 10 -7 Eh in the density change, and 1 × 10 -7 in the maximum element of the DIIS 13 error vector). The geometry search for all complexes was carried out in redundant internal coordinates without imposing geometry constraints. The property calculations at the optimized geometries were done with the PBE0 hybrid functional 14 and the RIJCOSX algorithm to expedite calculation of the Hartree-Fock exchange. 15 In this case the same basis sets were used but with enhanced integration accuracy (SPECIALGRIDINTACC 10) for the metal and sulfur atoms. Calculation of spin-Hamiltonian parameters included a larger the integration grid (Grid5) and fully decontracted basis sets. 16 The use of all-electron calculations using scalar relativistic corrections mandated the effective nuclear charge (Zeff) for Au be adjusted to 27.5, which corresponds to a one-electron spin-orbit coupling constant (ζ5d) of ca. 4500 cm -1 . All other effective charges had their default values. Canonical orbitals and density plots were constructed using the program Molekel. 
